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(57)  The  invention  intends  to  improve  the  efficiency 
of  recording,  e.g.,  to  shorten  a  recording  time,  while  pre- 
venting  an  excessive  temperature  rise  of  an  ink  jet  head. 
To  that  end,  in  a  control  method  for  an  ink  jet  recording 
apparatus  with  which  an  amount  of  heat  generated  by 
the  head  is  restricted  when  a  condition  of  a  head  tem- 
perature  being  not  lower  than  a  predetermined  thresh- 
old  is  found  by  the  use  of  means  for  detecting  the  head 
temperature  and  an  environment  temperature  around 
the  head,  an  extent  of  restricting  the  amount  of  heat  gen- 
erated  by  the  head  is  changed  depending  on  the  envi- 
ronment  temperature  or  a  difference  between  the  head 
temperature  and  the  environment  temperature. 
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Description 

BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

The  present  invention  relates  to  an  ink  jet  recording 
apparatus  capable  of  producing  a  high-quality  image  on 
a  recording  medium  on  which  the  image  is  to  be  record- 
ed,  and  more  particularly  to  an  ink  jet  recording  appara- 
tus  in  which  recording  ink  and  an  image  quality  improv- 
ing  agent  for  making  insoluble  or  coagulating  colorants 
mixed  in  the  recording  ink  are  ejected  onto  a  recording 
medium. 

Description  of  the  Related  Art 

The  present  invention  is  applicable  to  all  types  of 
equipment  for  recording  an  image  on  recording  media 
such  as  made  of  paper,  cloth,  leather,  OHP  and  metal, 
for  example,  by  utilizing  thermal  energy.  Practical  equip- 
ment  adapted  for  application  of  the  present  invention  in- 
clude  business  machines,  e.g.,  printers,  copying  ma- 
chines  and  facsimiles,  as  well  as  industrial  production 
machines. 

An  ink  jet  recording  method  has  been  hitherto  used 
in  printers  and  copying  machines,  for  example,  because 
of  such  advantages  as  low  noise,  low  running  cost,  eas- 
iness  in  reducing  the  apparatus  size,  and  easiness  in 
printing  an  image  in  colors. 

In  an  ink  jet  recording  apparatus,  ink  is  ejected  from 
a  nozzle  to  deposit  on  a  sheet  of  recording  paper,  there- 
by  forming  an  image.  To  improve  a  recording  speed,  a 
recording  element  and  an  ink  ejection  port  and  passage 
(nozzle)  necessary  for  ejecting  the  ink  are  integrated 
and  arrayed  in  plural  number  on  a  recording  head  (re- 
ferred  to  as  a  multi-head  hereinafter).  An  apparatus 
adapted  for  color  recording  includes  a  plurality  of  multi- 
heads. 

Fig.  15  is  a  schematic  perspective  view  of  such  an 
ink  jet  recording  apparatus.  A  recording  medium  106  in- 
serted  in  a  paper  feed  position  of  a  recording  apparatus 
100  is  advanced  by  a  feed  roller  109  to  a  recording  en- 
able  area  covered  by  a  recording  head  unit  1  03.  A  platen 
1  08  is  provided  to  support  a  lower  surface  of  the  record- 
ing  medium  in  the  recording  enable  area.  A  carriage  101 
is  constructed  to  be  movable  in  a  direction  determined 
by  two  guide  shafts,  i.e.,  a  guide  shaft  104  and  a  guide 
shaft  105,  to  reciprocally  scan  the  recording  enable  ar- 
ea.  On  the  carriage  101,  there  is  mounted  a  recording 
head  unit  1  03  comprised  of  recording  heads  for  ejecting 
inks  in  plural  colors  and  ink  tanks  for  supplying  the  inks 
in  plural  colors  to  the  recording  heads,  respectively.  The 
illustrated  ink  jet  recording  apparatus  employs  inks  in 
four  colors,  i.e.,  black  (Bk),  cyan  (C),  magenta  (M)  and 
yellow  (Y).  A  restoration  system  unit  110  is  provided  in 
a  lower  portion  at  the  left  end  of  an  area  within  which 
the  carriage  1  01  is  movable,  enabling  the  ejection  ports 

of  the  recording  head  to  be  capped  while  the  apparatus 
is  in  a  not-recording  mode.  That  left  end  is  called  a  home 
position  of  the  recording  head. 

Reference  numeral  107  denotes  a  switch  portion 
5  and  a  display  device  portion.  The  switch  portion  is  used, 

for  example,  when  turning  on/off  a  power  supply  of  the 
recording  apparatus  and  setting  any  of  various  record- 
ing  modes.  The  display  device  portion  indicates  a  state 
of  the  recording  apparatus. 

10  Fig.  16  is  a  perspective  view  of  the  recording  head 
unit  103.  In  the  illustrated  unit,  inktanks  20Ato  20C  cor- 
responding  to  respective  color  inks  in  black,  cyan,  ma- 
genta  and  yellow  are  replaceable  independently  of  each 
other. 

is  The  carriage  101  mounts  thereon  a  recording  head 
1  02  provided  with  a  plurality  of  ejection  ports  for  ejecting 
the  inks  in  Bk,  C,  M  and  Y  through  them  and  a  plurality 
of  flow  passages  (nozzles)  connected  to  the  ink  ejection 
ports,  respectively,  and  four  inktanks,  i.e.,  a  Bk  ink  tank 

20  20K,  a  C  ink  tank  20C,  an  M  ink  tank  20M  and  a  Y  ink 
tank  20Y.  The  ink  tanks  are  connected  to  the  recording 
head  through  connecting  portions  for  supplying  the  inks 
to  the  nozzles  from  the  tanks,  respectively. 

In  addition  to  the  above  structure,  there  are  also 
25  known  recording  head  units  in  which,  by  way  of  exam- 

ple,  tanks  for  inks  in  four  color  are  integral  with  each 
other,  or  tanks  for  inks  in  C,  M  and  Y  are  integral  with 
each  other,  but  independent  of  a  tank  for  Bk  ink. 

Fig.  17  is  a  schematic  enlarged  sectional  view  of  a 
30  heat  generating  member  and  thereabout  in  the  record- 

ing  head.  A  heat  generating  member  30  comprising  an 
electrothermal  transducer  is  arranged  corresponding  to 
an  ink  ejection  port  23  in  one-to-one  relation.  In  a  re- 
cording  apparatus  mounting  thereon  an  ink  jet  recording 

35  head  thus  constructed,  an  image  is  recorded  by  apply- 
ing  a  drive  signal  to  the  heat  generating  member  30  of 
the  head  in  accordance  with  recording  information  and 
ejecting  ink  from  a  nozzle.  The  heat  generating  member 
30  can  be  driven  in  an  independent  manner  for  each  of 

40  all  the  nozzles.  When  the  ink  in  the  nozzle  is  quickly 
heated  by  energization  of  the  heat  generating  member, 
a  bubble  is  created  in  the  ink  due  to  film  boiling  and  an 
ink  droplet  35  is  ejected  toward  a  recording  medium  31 
under  pressure  developed  upon  the  creation  of  the  bub- 

45  ble,  as  shown  in  Fig.  1  7,  thereby  forming  an  image  com- 
prising  characters  or  a  picture  on  the  recording  medium. 
At  this  time,  the  volume  of  the  ink  droplet  for  each  color 
ejected  in  such  a  way  is  on  the  order  of  15  -  100  ng. 

The  recording  head  has  a  plurality  of  ejection  ports 
so  23,  a  plurality  of  ink  flow  passages  (nozzles)  connected 

respectively  to  the  ejection  ports  23,  and  a  common  liq- 
uid  chamber  32  formed  rearward  of  a  portion  where  the 
ink  flow  passages  are  disposed  (i.e.,  on  the  upstream 
side)  for  supplying  the  ink  to  the  ink  flow  passages.  In 

55  each  of  the  ink  flow  passages  corresponding  to  the  ejec- 
tion  ports  in  one-to-one  relation,  there  are  provided  the 
heat  generating  member  30  for  generating  thermal  en- 
ergy  used  to  eject  an  ink  droplet  from  the  ejection  port, 
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and  an  electrode  wiring  (not  shown)  for  supplying  elec- 
tric  power  to  the  heat  generating  member  30.  The  heat 
generating  member  30  and  the  electrode  wiring  are 
formed  on  a  device  board  33  made  of,  e.g.,  silicon  by 
the  semiconductor  film  deposition  technique.  A  protec-  s 
tive  film  36  is  formed  on  the  heat  generating  member  30 
to  prevent  the  ink  from  coming  into  direct  contact  with 
the  heat  generating  member  30.  A  partition  wall  34 
made  of  resin,  glass  or  any  other  suitable  material  is 
placed  on  the  device  board  to  define  the  ejection  ports,  10 
the  ink  flow  passages,  the  common  liquid  chamber,  etc. 
therebetween. 

Such  a  recording  system  using  the  heat  generating 
member  is  called  a  bubble  jet  recording  system  because 
a  bubble  created  upon  application  of  thermal  energy  is  15 
used  to  eject  the  ink  droplet. 

Fig.  1  8  is  a  typical  block  diagram  for  driving  the  re- 
cording  head  in  the  ink  jet  recording  apparatus  stated 
above. 

Data  of  an  image  comprising  characters  or  a  picture  20 
to  be  recorded  (referred  to  image  data  hereinafter)  is 
input  from  a  host  computer  to  a  reception  buffer  401  in 
the  recording  apparatus  100.  Also,  data  for  confirming 
whether  the  data  is  transferred  correctly  or  not  and  data 
for  informing  an  operating  condition  of  the  recording  ap-  25 
paratus  are  output  from  the  recording  apparatus  to  the 
host  computer.  The  data  in  the  reception  buffer  401  is 
transferred  to  a  memory  unit  403  and  temporarily  stored 
in  a  RAM  (Random  Access  Memory)  under  surveillance 
of  a  CPU  (control  unit)  402.  30 

A  mechanism  controller  404  drives  a  mechanism 
portion  405,  including  a  carriage  motor,  a  line  feed  motor 
and  so  forth,  in  accordance  with  a  command  from  the 
CPU  402.  A  sensor/SW  controller  406  is  a  control  unit 
for  sending  signals  from  a  sensor/SW  portion  407,  in-  35 
eluding  various  sensors  and  SWs  (switches),  to  the 
CPU  402.  A  display  device  controller  408  is  a  control 
unit  for  controlling  a  display  device  portion  409,  includ- 
ing  LED's,  a  liquid  crystal  display  device  and  so  forth  on 
a  display  panel,  in  accordance  with  a  command  from  the  40 
CPU  402.  A  recording  head  controller  41  0  controls  a  re- 
cording  head  411  in  accordance  with  a  command  from 
the  CPU  402.  The  recording  head  controller  41  0  serves 
also  as  a  control  unit  for  sensing  temperature  and  other 
information  indicating  a  condition  of  the  recording  head  45 
411  and  transmitting  the  information  to  the  CPU  402. 

In  such  an  ink  jet  recording  apparatus  utilizing  ther- 
mal  energy  (called  also  a  thermal  ink  jet  printer),  tech- 
niques  for  increasing  a  printing  speed  of  the  ink  jet  print- 
er  have  been  developed.  The  printing  speed  has  been  so 
increased  by,  e.g.,  increasing  the  number  of  nozzles 
provided  in  one  head  or  rasing  the  driving  frequency. 

An  important  point  to  be  taken  into  consideration  in 
the  thermal  ink  jet  printer  is  an  excessive  temperature 
rise  of  the  recording  head.  In  the  thermal  ink  jet  printer,  55 
the  energy  applied  to  the  heat  generating  member  in  the 
head  is  not  all  consumed  as  energy  required  for  ejection 
of  the  ink  droplet  and  a  large  part  of  the  applied  energy 

remains  as  heat  in  the  head.  For  that  reason,  when  the 
thermal  ink  jet  printer  is  constructed  as  mentioned 
above  aiming  an  increase  in  printing  speed,  the  amount 
of  heat  remaining  in  the  head  is  further  increased. 

If  a  temperature  rise  of  the  head  or  ink  is  left  as  it  is 
and  not  controlled  in  the  thermal  ink  jet  printer,  this  would 
not  only  make  unstable  an  ejecting  condition  of  the  ink 
droplet,  but  also  disable  proper  ejection  of  the  ink  droplet 
due  to  a  resulting  excessive  temperature  rise.  In  the 
worst  case,  there  is  a  risk  that  the  head  may  break  down 
physically  because  of  too  much  heat  accumulated  in  it. 

With  the  above  problem  in  mind,  several  methods 
for  preventing  an  excessive  temperature  rise  of  the  head 
have  been  hitherto  incorporated  in  driving/printing  con- 
trol  of  the  thermal  ink  jet  printer.  There  are  proposed,  for 
example,  a  method  of  detecting  a  head  temperature  and 
interrupting  the  recording  for  a  predetermined  time 
when  the  detected  temperature  is  not  lower  than  a  pre- 
determined  value,  and  a  method  (Japanese  Patent  Pub- 
lication  No.  03-4394)  of  detecting  a  head  temperature 
during  the  recording  of  one  line,  interrupting  the  record- 
ing  after  the  end  of  the  recording  of  that  line  when  the 
detected  temperature  reaches  a  first  prescribed  value 
(i.e.,  when  the  head  temperature  rises  excessively),  and 
resuming  the  recording  when  the  head  temperature  is 
lowered  down  below  a  second  prescribed  value. 

There  are  also  known  methods  for  preventing  an 
excessive  temperature  rise  based  on  other  parameters 
than  the  head  temperature.  One  of  those  known  meth- 
ods  is,  for  example,  to  make  control  based  on  both  a 
detected  result  of  the  head  temperature  and  a  predicted 
result  of  the  amount  of  temperature  rise  obtained  by  pre- 
viously  reading  the  recording  duty  of  data  to  be  recorded 
next  (USP  No.  4,910,528). 

However,  a  rate  of  temperature  rise  or  drop  is  not 
always  constant  because  it  greatly  depends  on  the  en- 
vironment  temperature  around  the  head  and  the  head 
temperature  at  that  time.  Accordingly,  the  above-stated 
method  of  interrupting  the  recording  when  the  head  tem- 
perature  exceeds  a  threshold  has  had  a  problem  that 
the  interrupt  time  must  be  set  to  be  longer  than  the  least 
necessary  time  for  ensuring  safety  and  the  recording 
speed  may  be  eventually  reduced  as  a  whole.  On  the 
other  hand,  the  method  of  previously  reading  the  record- 
ing  duty  and  predicting  an  amount  of  temperature  rise 
has  had  a  problem  that  if  a  prediction  parameter  is  set 
in  anticipation  of  the  amount  of  temperature  rise  under 
high-temperature  environment,  this  may  result  in  over- 
much  control  with  a  relatively  large  allowance  under  nor- 
mal-temperature  environment  and  also  eventually  re- 
duce  the  printing  speed  in  fact. 

Further,  when  temperature  control  is  performed  in 
the  above-mentioned  thermal  ink  jet  printer  by  using  a 
result  detected  by  a  temperature  sensor  provided  on  the 
device  board  in  the  recording  head,  there  is  a  difficulty 
in  using  an  output  value  of  the  temperature  sensor  di- 
rectly  as  the  head  temperature  because  individual  tem- 
perature  sensors  have  substantial  errors  in  themselves 
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due  to  variations  in  manufacture  process.  That  problem 
can  be  overcome  to  some  extent  by  suppressing  varia- 
tions  in  manufacture  process  of  temperature  sensors, 
but  severer  process  control  would  push  up  a  head  cost. 
In  many  cases,  therefore,  the  output  value  of  the  tem- 
perature  sensor  is  corrected  and  the  corrected  value  is 
used  in  temperature  control  of  the  thermal  ink  jet  printer. 
The  correction  of  the  sensor  output  value  is  however  so 
complex  that  some  error  is  mixed  in  the  detected  value 
even  after  the  correction  when  conditions  set  for  the  cor- 
rection  are  not  optimum,  and  the  purpose  of  control  to 
be  performed  upon  detection  of  an  excessive  tempera- 
ture  rise  cannot  be  often  fulfilled  satisfactorily. 

SUMMARY  OF  THE  INVENTION 

With  the  view  of  solving  the  problems  as  set  forth 
above,  an  object  of  the  present  invention  is  to  control  a 
head  temperature  rise  in  a  thermal  ink  jet  printer  during 
recording  in  a  stabler  manner,  stabilize  ink  ejection, 
avoid  failure  of  ink  ejection,  and  to  prevent  thermal  dam- 
age  of  an  ink  jet  head. 

To  achieve  the  above  object,  the  present  invention 
provides  a  control  method  for  an  ink  jet  recording  appa- 
ratus  with  which  an  amount  of  heat  generated  by  an  ink 
jet  head  is  restricted  when  a  condition  of  a  head  tem- 
perature  being  not  lower  than  a  predetermined  thresh- 
old  is  found  by  the  use  of  means  for  detecting  the  head 
temperature  and  an  environment  temperature  around 
the  head,  wherein  an  extent  of  restricting  the  amount  of 
heat  generated  by  the  head  is  changed  depending  on 
the  environment  temperature  or  a  difference  between 
the  head  temperature  and  the  environment  tempera- 
ture.  The  present  invention  also  provides  an  ink  jet  re- 
cording  apparatus  comprising  means  for  detecting  a 
temperature  of  an  ink  jet  head,  means  for  detecting  an 
environment  temperature  around  the  head,  means  for 
restricting  an  amount  of  heat  generated  by  the  head 
when  a  condition  of  the  head  temperature  being  not  low- 
er  than  a  predetermined  threshold  is  found,  and  control 
means  for  changing  an  extent  of  restricting  the  amount 
of  heat  generated  by  the  head  depending  on  the  envi- 
ronment  temperature  or  a  difference  between  the  head 
temperature  and  the  environment  temperature. 

With  the  above  features,  an  excessive  temperature 
rise  of  the  ink  jet  head  is  prevented;  hence  failure  of  ink 
ejection  and  damage  of  the  head  can  be  avoided.  In  ad- 
dition,  since  a  standby  time,  extra  split  printing  and  so 
on  which  have  been  hitherto  incorporated  in  the  control 
process  more  than  required  are  eliminated,  the  efficien- 
cy  of  recording  is  improved  and  higher-speed  recording 
can  be  achieved  as  a  whole. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  control  block  diagram  according  to  the 
present  invention  for  detecting  a  head  temperature  and 
an  environment  temperature  around  a  head  and  control- 

ling  the  head  temperature. 
Fig.  2  is  a  flowchart  for  explaining  a  temperature 

control  process  in  the  present  invention. 
Fig.  3  is  a  table  in  which  an  interrupt  timet  is  defined 

5  with  respect  to  an  environment  temperature  Tr. 
Fig.  4  is  a  flowchart  for  explaining  a  temperature 

control  process  in  the  present  invention. 
Fig.  5  is  a  table  in  which  an  optimum  interrupt  time 

f  is  defined  beforehand  with  respect  to  AT. 
10  Fig.  6  is  a  flowchart  for  explaining  a  temperature 

control  process  in  the  present  invention. 
Fig.  7  is  a  table  in  which  the  maximum  number  n  of 

usable  nozzles  is  defined  with  respect  to  the  environ- 
ment  temperature  Tr. 

is  Fig.  8  is  a  schematic  view  for  explaining  a  manner 
of  performing  split  printing  according  to  a  third  embodi- 
ment  of  the  present  invention. 

Fig.  9  is  a  schematic  view  for  explaining  multi-pass 
printing. 

20  Fig.  10  is  a  schematic  view  for  explaining  multi-pass 
printing  according  to  the  third  embodiment  of  the 
present  invention. 

Fig.  11  is  a  flowchart  for  explaining  a  temperature 
control  process  in  the  present  invention. 

25  Fig.  12  is  a  table  in  which  the  maximum  number  n 
of  usable  nozzles  is  defined  with  respect  to  AT. 

Fig.  13  is  a  flowchart  for  explaining  a  temperature 
control  process  in  the  present  invention. 

Fig.  14  is  a  table  in  which  a  printing  duty  threshold 
30  is  defined  with  respect  to  the  environment  temperature 

Tr. 
Fig.  1  5  is  a  schematic  perspective  view  for  explain- 

ing  the  construction  of  an  ink  jet  recording  apparatus. 
Fig.  1  6  is  a  schematic  perspective  view  of  a  record- 

35  ing  head  unit. 
Fig.  17  is  a  schematic  enlarged  sectional  view  of  a 

heat  generating  member  and  thereabout  in  a  recording 
head. 

Fig.  18  is  a  block  diagram  for  driving  the  recording 
40  head  in  the  ink  jet  recording  apparatus  stated  above. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

45  Several  embodiments  of  the  present  invention  will 
be  described  hereunder  with  reference  to  the  drawings. 
Note  that  the  configuration  of  an  ink  jet  recording  appa- 
ratus  (thermal  ink  jet  printer),  the  structure  of  a  head  and 
the  block  diagram  of  driving  the  head,  explained  above, 

so  are  also  applicable  to  the  present  invention  except  those 
portions  specific  to  the  present  invention  and  hence  are 
not  explained  here. 

(First  Embodiment  ) 
55 

A  first  embodiment  of  the  present  invention  will  be 
described  in  detail  with  reference  to  Figs.  1  to  3. 

Fig.  1  is  a  control  block  diagram  according  to  the 

45 

50 

4 
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present  invention  for  detecting  a  head  temperature  and 
an  environment  temperature  around  a  thermal  ink  jet 
head  and  controlling  the  head  temperature.  Disposed 
within  the  thermal  ink  jet  head  is  a  heater  board  (device 
board)  in  the  form  of  a  Si  substrate  on  which  are  inte- 
grated  a  heat  generating  member  for  ejecting  ink  along 
with  an  electric  circuit  and  a  drive  device  for  controlling 
and  driving  the  heat  generating  member.  In  Fig.  1,  de- 
noted  by  1  is  a  head  temperature  sensor  on  the  heater 
board.  While  this  embodiment  uses  a  diode  as  the  head 
temperature  sensor  and  detects  the  head  temperature 
by  utilizing  the  temperature  characteristic  of  an  output 
voltage  of  the  diode,  the  head  temperature  may  be  de- 
tected  by  any  other  suitable  way,  for  example,  utilizing 
the  temperature  characteristic  of  a  resistance  value  of 
an  electric  resistor.  Denoted  by  2  is  a  heat  generating 
member  for  ejecting  a  recording  ink  droplet,  and  3  is  a 
signal  line  (flexible  wiring)  for  transmitting  signals  be- 
tween  the  head  and  an  apparatus  body. 

Denoted  by  4  is  a  head  temperature  detecting  cir- 
cuit  made  up  of  a  circuit  for  detecting  an  output  signal 
from  the  head  temperature  sensor,  an  A/D-converter  cir- 
cuit  for  converting  the  detected  signal  into  digital  data, 
a  conversion/correction  circuit  for  modifying  an  A/D- 
converted  value  into  temperature  data  in  the  form  suit- 
able  for  subsequent  control  processes,  etc.  An  output 
result  of  the  head  temperature  detecting  circuit  is  han- 
dled  as  the  head  temperature  and  used  to  carry  out  var- 
ious  types  of  control  such  as  PWM  (Pulse  Width  Modu- 
lation)  control  of  a  head  driving  pulse. 

Denoted  by  5  is  a  head  environment  temperature 
sensor  comprising  a  thermistor  or  the  like  provided  on 
a  board,  which  is  disposed  on  a  carriage  mounting  the 
head  thereon,  for  detecting  the  environment  tempera- 
ture  around  the  head  (ink).  6  is  an  environment  temper- 
ature  detecting  circuit  made  up  of,  similarly  to  the  head 
temperature  detecting  circuit  5,  a  circuit  for  detecting  an 
output  of  the  thermistor,  an  A/D-converter  circuit,  a  con- 
version/-correction  circuit,  etc.  An  output  result  of  the 
environment  temperature  detecting  circuit  is  handled  as 
the  environment  temperature. 

Denoted  by  7  is  an  excessive  temperature  rise  de- 
tecting/controlling  portion  in  which  whether  to  perform  a 
head  temperature  rise  preventing  sequence  or  not  is  de- 
termined  based  on  both  the  head  temperature  detected 
result  from  the  head  temperature  detecting  circuit  4  and 
the  environment  temperature  detected  result  from  the 
environment  temperature  detecting  circuit  6.  The  head 
temperature  rise  preventing  sequence  is  a  sequence  for 
preventing  instability  or  failure  of  ink  ejection  and  dam- 
age  or  breakdown  of  the  head.  There  are  known  several 
types  of  temperature  rise  preventing  sequences  such 
as  interrupting  the  printing  for  a  while,  carrying  out  split 
printing,  and  lowering  the  driving  frequency.  Here,  any 
suitable  one  of  those  sequences  may  be  used. 

Note  that  although  conditions  in  combining  the  head 
temperature  and  the  environment  temperature  to  pro- 
vide  criteria  for  determining  whether  the  temperature 

rise  preventing  sequence  is  to  be  started  or  not  will  be 
described  later,  the  following  description  will  be  made  of 
one  or  both  of  a  condition  for  starting  the  temperature 
rise  preventing  sequence  and  a  condition  for  ending  it. 

5  Denoted  by  8  is  a  head  driving  controller  for,  e.g., 
determining  a  condition  to  drive  the  heat  generating  re- 
sistor  in  the  print  head,  generating  a  drive  signal  and 
driving/controlling  a  head  temperature  holding  heater 
(not  shown)  based  on  a  detected  value  of  the  head  tem- 

10  perature  from  the  head  temperature  detecting  circuit  4, 
information  from  a  printing  controller  9,  and  so  on. 

Denoted  by  9  is  a  printing  controller  with  functions 
of,  e.g.,  determining  which  ones  of  nozzles  are  actually 
driven  at  which  timings  to  eject  ink  droplets  based  on 

is  print  data  supplied  from  a  host  and  a  printing  condition 
such  as  a  printing  mode  set  by  a  user  through  a  control 
panel  or  the  like,  and  correspondingly  determining  the 
timing  and  amount  at  and  by  which  a  drive  motor  for  driv- 
ing  the  carriage  and  a  paper  feed  motor  are  each  to  be 

20  driven. 
Atemperature  control  process  executed  in  the  print- 

er  of  this  embodiment  will  be  explaining  below  with  ref- 
erence  to  Fig.  2.  During  the  printing  operation,  a  detec- 
tion  signal  is  output  from  the  head  temperature  sensor 

25  1  (S1  01  )  at  all  times  and  then  converted  and  corrected 
by  the  head  temperature  detecting  circuit  4  in  the  appa- 
ratus  body  (S1  02),  followed  by  establishing  a  head  tem- 
perature  Th  (S1  03).  The  head  temperature  Th  is  sent  to 
the  excessive  temperature  rise  detecting/controlling 

30  portion  7. 
Likewise,  a  detection  signal  is  output  from  the  envi- 

ronment  temperature  sensor  5  (S1  1  3)  and  then  convert- 
ed  and  corrected  by  the  environment  temperature  de- 
tecting  circuit  6  (S114),  followed  by  establishing  an  en- 

35  vironment  temperature  Tr  (S115).  The  environment  tem- 
perature  Tr  is  also  sent  to  the  excessive  temperature 
rise  detecting/-controlling  portion  7. 

The  excessive  temperature  rise  detecting/control- 
ling  portion  7  compares  the  head  temperature  Th  with 

40  a  threshold  temperature  TO  that  is  a  reference  temper- 
ature  for  determining  whether  to  perform  the  head  tem- 
perature  rise  preventing  sequence  or  not  (S104).  If  TO 
<  Th  is  detected,  then  a  predetermined  signal  is  sent  to 
both  the  printing  controller  9  and  the  head  driving  con- 

45  trailer  8.  Upon  receiving  the  signal,  the  printing  controller 
9  and  the  head  driving  controller  8  allow  continued  print- 
ing  of  the  print  data  just  for  the  current  scan  (line)  under 
the  printing  (S107,  S108)  and  then  interrupt  printing  of 
the  next  scan  (S110)  after  the  printing  of  the  relevant 

so  scan  has  been  ended. 
Also,  as  soon  as  TO  <  Th  is  detected,  reference  is 

made  (S105)  to  a  table  in  which  an  interrupt  time  f  is 
defined  with  respect  to  the  environment  temperature  Tr, 
as  shown  in  Fig.  3,  thereby  determining  an  interrupt  time 

55  tO  (S106).  On  the  other  hand,  at  the  same  time  as  print- 
ing  interrupt  begins,  the  excessive  temperature  rise  de- 
tecting/controlling  portion  7  makes  a  rest  time  timer  for 
measuring  an  interrupt  time  start  to  count  up  the  inter- 

5 
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rupttime  f(S109).  If  the  interrupt  time  relapses  to  meet 
t  >  tO  (S111),  then  a  printing  resume  command  is  sent 
to  both  the  printing  controller  9  and  the  head  driving  con- 
troller  8  to  resume  the  printing  (S112). 

A  manner  of  setting  the  interrupt  time  in  the  temper- 
ature  control  process  of  this  embodiment  will  be  de- 
scribed  below.  When  the  recording  head  heated  to  a 
high  temperature  is  left  to  stand  as  it  is  after  stopping 
the  recording,  an  amount  of  temperature  drop  of  the  re- 
cording  head  greatly  depends  on  the  temperature  Th  of 
the  recording  head,  a  difference  (AT  =  Th  -  Tr)  between 
the  head  temperature  Th  and  the  environment  temper- 
ature  Tr  around  the  head,  and  the  elapsed  time.  Be- 
cause  the  temperature  at  which  the  recording  head 
causes  failure  of  ink  ejection  or  the  temperature  at  which 
the  recording  head  is  thermally  damaged  can  be  deter- 
mined  as  an  absolute  temperature,  the  aforesaid  thresh- 
old  temperature  TO  can  be  set  to  a  substantially  con- 
stant  value.  A  temperature  drop  characteristic  of  the 
head  therefore  greatly  depends  on  the  environment 
temperature  Tr  such  that  the  head  temperature  quickly 
lowers  when  the  environment  temperature  Tr  is  low,  and 
it  slowly  lowers  when  the  environment  temperature  Tr  is 
high.  Thus  the  printing  interrupt  time  tO  is  required  to  be 
long  when  the  environment  temperature  Tr  is  high,  but 
can  be  shortened  when  the  environment  temperature  Tr 
is  low. 

In  this  embodiment,  the  interrupt  time  is  set  in  ac- 
cordance  with  a  table  in  which  each  optimum  interrupt 
time  tO  is  defined  beforehand  with  respect  to  the  envi- 
ronment  temperature  Tr,  as  shown  in  Fig.  3.  The  table 
of  Fig.  3  contains  the  relationships  of  Tr1  <  Tr2  <  ...  < 
Trn  <  ...  and  t1  <  t2  <  ...  <  tn  <  ...;  that  is,  the  higher  the 
environment  temperature  Tr,  the  longer  is  the  interrupt 
time  tO. 

By  setting  the  interrupt  time  tO  in  such  a  manner,  it 
is  possible  to  prevent  drawbacks  which  have  been  hith- 
erto  caused  in  the  case  of  setting  the  interrupt  time  to  a 
constant  value  regardless  of  the  environment  tempera- 
ture,  i.e.,  instability  of  the  printing  under  high-tempera- 
ture  environment  and  too  long  interrupt  of  the  printing 
under  low-temperature  environment.  As  a  result,  stable 
printing  can  be  achieved  under  various  environments 
while  avoiding  reduction  in-printing  speed  as  far  as  prac- 
ticable. 

While  this  embodiment  has  been  described  as,  after 
detecting  an  excessive  temperature  rise,  completing  the 
printing  of  the  relevant  scan  and  then  interrupting  the 
printing  (stopping  the  next  scan),  the  control  may  be  per- 
formed  by  stopping  heating  of  the  ejection  heater  of  the 
head  even  during  the  printing  at  the  same  time  as  de- 
tection  of  Th  >  TO  and  resuming  the  printing  of  remained 
data  in  the  same  scan  after  a  predetermined  time,  or  by 
interrupting  heating  during  the  printing  similarly  and  re- 
suming  the  printing  after  performing  idle  scan  for  a  pre- 
determined  time.  Such  a  modified  case  can  also  provide 
similar  advantages  by  setting  the  interrupt  time  depend- 
ing  on  the  environment  temperature  Tr  in  a  like  manner 

as  in  the  above  embodiment. 

(Second  Embodiment) 

5  In  the  above  first  embodiment,  the  interrupt  time  is 
selected  based  on  the  environment  temperature  Tr,  but 
in  this  second  embodiment  the  interrupt  time  is  set  in 
consideration  of  not  only  the  environment  temperature 
Tr  but  also  the  head  temperature. 

10  Note  that  the  control  block  diagram  used  in  this  em- 
bodiment  also  has  the  same  construction  as  shown  in 
Fig.  1  .  Fig.  4  shows  a  temperature  control  process  ex- 
ecuted  in  the  printer  of  this  embodiment.  The  tempera- 
ture  control  process  in  this  embodiment  is  the  same  as 

is  in  the  first  embodiment  except  only  the  step  of  referring 
to  the  interrupt  time  tO. 

In  the  above  first  embodiment,  the  interrupt  time  tO 
is  determined  based  on  the  environment  temperature 
Tr.  On  the  other  hand,  this  embodiment  determines  the 

20  interrupt  time  tO  based  on  a  difference  AT  between  the 
temperature  Th  of  the  recording  head  and  the  environ- 
ment  temperature  Tr  around  the  head  so  that  the  inter- 
rupt  time  tO  is  more  appropriately  determined.  As  stated 
above  in  connection  with  the  first  embodiment,  an 

25  amount  of  temperatu  re  drop  of  the  recording  head  great- 
ly  depends  on  the  temperature  Th  of  the  recording  head, 
the  difference  (AT  =  Th  -  Tr)  between  the  head  temper- 
atu  re  Th  and  the  environment  temperature  Tr  around  the 
head,  and  the  elapsed  time.  The  head  temperature 

30  quicky  lowers  when  AT  is  large,  and  it  slowly  lowers 
when  AT  is  small.  Thus  the  printing  interrupt  time  tO  can 
be  shortened  when  AT  is  large,  but  can  be  long  when 
AT  is  small.  In  this  embodiment,  the  interrupt  time  is  set 
in  step  S205  of  Fig.  4  in  accordance  with  a  table  in  which 

35  each  optimum  interrupt  time  tO  is  defined  beforehand 
with  respect  to  AT,  as  shown  in  Fig.  5. 

The  table  of  Fig.  5  contains  the  relationships  of  AT1 
<  AT2  <  ...  <  ATn  <  ...  and  t1  >  t2  >  ...  >  tn  >  that  is, 
the  larger  AT,  the  longer  is  the  optimum  interrupt  time  tO. 

40  Consequently,  with  this  embodiment,  since  the  ta- 
ble  defining  the  relationship  between  AT  and  the  inter- 
rupt  time  is  used,  the  appropriate  interrupt  time  can  be 
set  with  better  accuracy. 

45  (Third  Embodiment  ) 

This  third  embodiment  differs  from  the  above  sec- 
ond  and  third  embodiments  in  process  of  controlling  the 
printer  operation  after  detecting  an  excessive  tempera- 

50  ture  rise,  i.e.,  a  condition  where  the  head  temperature 
is  higher  than  the  threshold  temperature.  Note  that  the 
control  block  diagram  used  in  this  embodiment  also  has 
the  same  construction  as  in  the  above  embodiments 
(Fig.  1). 

55  A  temperature  control  process  executed  in  this  em- 
bodiment  will  be  described  below  with  reference  to  Fig. 
6. 

Similarly  to  the  first  embodiment,  during  the  printing 

6 
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operation,  a  detection  signal  is  output  from  the  head 
temperature  sensor  1  (S601  )  at  all  times  and  then  con- 
verted  and  corrected  by  the  head  temperature  detecting 
circuit  4  in  the  apparatus  body  (S602),  followed  by  es- 
tablishing  a  head  temperature  Th  (S603).  The  head  tem- 
perature  Th  is  sent  to  the  excessive  temperature  rise 
detecting/controlling  portion  7. 

Likewise,  a  detection  signal  is  output  from  the  envi- 
ronment  temperature  sensor  5  (S61  2)  and  then  convert- 
ed  and  corrected  by  the  environment  temperature  de- 
tecting  circuit  6  (S613),  followed  by  establishing  an  en- 
vironment  temperature  Tr  (S614).  The  environment 
temperature  Tr  is  also  sent  to  the  excessive  temperature 
rise  detecting/-controlling  portion  7. 

The  excessive  temperature  rise  detecting/control- 
ling  portion  7  compares  the  head  temperature  Th  with 
a  threshold  temperature  TO  that  is  a  reference  temper- 
ature  for  determining  whether  to  perform  the  head  tem- 
perature  rise  preventing  sequence  or  not  (S604).  If  TO 
<  Th  is  detected,  then  a  predetermined  signal  is  sent  to 
both  the  printing  controller  9  and  the  head  driving  con- 
trollers.  Upon  receiving  the  signal,  the  printing  controller 
9  and  the  head  driving  controller  8  allow  continued  print- 
ing  of  the  print  data  just  for  the  current  scan  (line)  under 
the  printing  (S607,  S608)  and  then  perform  printing  of 
the  next  scan  several  times  in  a  split  manner.  At  this 
time,  a  maximum  printing  width  n  of  the  split  printing  (i. 
e.,  the  maximum  number  nof  usable  nozzles)  is  deter- 
mined  (S606)  by  referring  to  a  table  defining  the  rela- 
tionship  between  the  maximum  number  n  of  usable  noz- 
zles  and  the  environment  temperature  Tr  (S606),  as 
shown  in  Fig.  7. 

Fig.  8  shows  a  manner  of  performing  the  split  print- 
ing.  An  area  10  represents  an  image  area  covered  by 
one  scan  having  a  normal  printing  width  (nozzle 
number)  N.  In  Fig.  8,  the  printing  width  corresponds  to 
the  total  number  of  nozzles  in  the  head  11  .  In  fact,  how- 
ever,  the  printing  width  corresponds  to  the  number  of 
nozzles  used  for  printing  the  print  data  of  the  relevant 
scan;  hence  it  is  not  always  required  for  the  printing 
width  N  to  be  equal  to  a  width  covered  by  the  total 
number  of  nozzles  in  the  head  11  .  By  a  first  scan  after 
detecting  the  fact  that  the  head  temperature  Th  has  ex- 
ceeded  the  threshold  temperature  TO,  an  image  is  com- 
pletely  printed  in  a  printing  area  10a  (S609)  by  using  a 
number  n  of  upper  nozzles,  as  viewed  on  the  drawing, 
of  the  total  number  N  of  nozzles  in  the  head  11  .  After 
that,  recording  paper  is  fed  by  a  distance  corresponding 
to  the  printing  width  n  (S61  0)  and  then  an  image  is  com- 
pletely  printed  in  a  printing  area  10b  by  a  second  scan 
(S61  0).  On  this  occasion,  the  printing  width  of  the  print- 
ing  area  10b  is  likewise  set  to  a  value  n  corresponding 
to  the  environment  temperature  Tr  at  that  time  if  the  re- 
lationship  between  the  head  temperature  and  the 
threshold  temperature  is  still  Th  >  TO. 

A  manner  of  dividing  the  printing  area  in  the  tem- 
perature  control  process  of  this  embodiment  will  be  de- 
scribed  below. 

A  rate  of  temperature  rise  of  the  head  under  printing 
is  greatly  affected  by  the  environment  temperature  Tr. 
When  carrying  out  the  printing  under  the  same  condi- 
tions  except  the  environment  temperature  Tr,  the  rate  of 

5  temperature  rise  is  smaller  at  lower  Tr,  and  is  larger  at 
higher  Tr.  In  this  embodiment,  as  listed  in  a  table  shown 
in  Fig.  7,  the  maximum  number  of  usable  nozzles  is  re- 
stricted  depending  on  the  environment  temperature  Tr. 
The  table  of  Fig.  7  contains  the  relationships  of  Tr1  < 

10  Tr2  <  ...  <  Tm  <  ...  and  n1  >  n2  >  ...  >  nn  >  ...;  that  is,  the 
maximum  number  of  usable  nozzles  is  smaller  at  the 
higher  environment  temperature  Tr,  and  is  larger  at  the 
lower  environment  temperature  Tr.  This  enables  the 
printing  to  be  performed  using  the  maximum  number  of 

is  usable  nozzles  at  each  environment  temperature.  It  is 
therefore  possible  to  prevent  too  long  interrupt  of  the 
printing  which  has  been  caused  by  the  conventional  split 
printing  process  not  taking  the  environment  temperature 
into  consideration,  and  to  achieve  stable  printing  under 

20  various  environments  while  avoiding  reduction  in  print- 
ing  speed  as  far  as  practicable. 

While  the  above  explanation  is  made  in  connection 
with  one-pass  recording,  this  embodiment  can  be  simi- 
larly  applied  to  multi-pass  printing  that  is  known  as  one 

25  of  ink  jet  recording  methods.  Examples  of  multi-pass 
(two-pass)  printing  are  shown  in  Figs.  9  and  10. 

More  specifically,  Fig.  9  shows,  for  comparison,  an 
example  conventional  (normal)  multi-pass  printing  in 
which  the  split  printing  in  consideration  of  both  the  en- 

30  vironment  temperature  and  the  head  temperature  ac- 
cording  to  the  present  invention  is  not  effected.  The  so- 
called  multi-pass  printing  is  to  perform  recording  by  di- 
viding  the  total  nozzle  number  N  of  the  head  into  plural 
groups  each  including  a  predetermined  number  of  noz- 

35  zles.  In  the  illustrated  example,  the  total  nozzle  number 
N  of  the  head  is  divided  into  two  halves  so  that  an  image 
is  completed  in  an  area  corresponding  to  the  printing 
width  N  by  three  scans.  By  a  first  scan  shown  at  A,  an 
image  is  recorded  in  an  area  corresponding  to  the  print- 

40  ing  width  N/2  using  a  number  N/2  of  nozzles  in  a  lower 
half  of  the  total  number  N  of  nozzles  in  the  head  while 
thinning  out  the  number  of  printing  dots  to  1/2. 

By  a  second  scan  shown  at  B,  an  image  is  recorded 
in  an  area  corresponding  to  the  printing  width  N  using 

45  the  total  number  N  of  nozzles  in  the  head  while  thinning 
out  the  number  of  printing  dots  to  1/2.  As  a  result  of  the 
second  scan,  in  the  area  where  the  image  has  been 
partly  recorded  by  the  first  scan,  the  image  is  completely 
or  100  %  recorded  by  another  1/2-thinned-out  recording 

so  combined  with  the  above  1/2-thinned-out  recording  in 
superposed  relation. 

Subsequently,  by  a  third  scan  shown  at  C,  an  image 
is  recorded  in  an  area  corresponding  to  the  printing 
width  N/2,  where  the  image  is  not  completely  recorded, 

55  using  a  number  N/2  of  nozzles  in  an  upper  half  of  the 
total  number  N  of  nozzles  in  the  head  while  thinning  out 
the  number  of  printing  dots  to  1/2. 

In  that  case,  since  the  number  of  nozzles  is  fixedly 

7 



13 EP0  876  917  A2 14 

divided  into  N/2  not  taking  into  account  the  environment 
temperature  Tr,  an  excessive  temperature  rise  may  oc- 
cur  even  with  division  of  the  number  of  nozzles  into  N/2. 

On  the  other  hand,  in  the  example  shown  in  Fig.  1  0, 
if  the  head  temperature  exceeds  the  threshold  temper- 
ature,  the  maximum  number  of  usable  nozzles  is  re- 
stricted  depending  on  the  environment  temperature  and 
the  split  two-pass  printing  is  realized  by  changing  a  man- 
ner  of  dividing  the  printing  width  N  in  accordance  with 
the  restricted  maximum  number  of  usable  nozzles.  More 
specifically,  an  image  is  recorded  by  a  first  scan  using 
the  number  n/2  of  nozzles,  and  then  by  a  second  scan 
using  a  number  n  of  nozzles  to  complete  the  image  in 
an  area  scanned  by  the  first  scan.  After  that,  an  image 
is  recorded  by  a  third  scan  using  a  number  (N  -  n/2)  of 
nozzles  and  then  by  a  fourth  scan  using  a  number  (N  - 
n)  of  nozzles  successively,  thereby  completing  the  im- 
age  in  an  area  corresponding  to  the  printing  width  N.  As 
a  result,  the  recording  speed  can  be  increased  while 
preventing  an  excessive  temperature  rise  of  the  head. 

(Fourth  Embodiment) 

The  maximum  number  of  usable  nozzles  is  deter- 
mined  in  the  above  third  embodiment  based  on  the  en- 
vironment  temperature  Tr  to  perform  the  split  printing, 
but  this  fourth  embodiment  utilizes  not  only  the  environ- 
ment  temperature  Tr  but  also  the  difference  (AT  =  Th  - 
Tr)  between  the  temperature  Th  of  the  recording  head 
and  the  environment  temperature  Tr  around  the  head, 
as  with  the  second  embodiment,  for  controlling  the  split 
printing  with  better  accuracy.  Fig.  11  shows  steps  of  a 
temperature  control  process  executed  in  this  embodi- 
ment,  but  the  steps  as  those  in  Fig.  6  relating  to  the  third 
embodiment  and  are  not  described  here.  A  manner  of 
determining  the  maximum  number  of  usable  nozzles  in 
steps  S620  and  S606  will  be  explained  below. 

When  carrying  out  the  printing  under  the  same  con- 
ditions  except  AT,  the  rate  of  temperature  rise  is  smaller 
at  larger  AT,  and  is  larger  at  smaller  AT.  In  this  embodi- 
ment,  as  listed  in  a  table  shown  in  Fig.  1  2,  the  maximum 
number  of  usable  nozzles  is  restricted  depending  on  AT. 
The  table  of  Fig.  1  2  contains  the  relationships  of  AT1  < 
AT2  <  ...  <  ATn  <  ...  and  n1  <  n2  <  ...  <  nn  <  ...;  that  is, 
the  maximum  number  of  usable  nozzles  is  larger  at  the 
larger  AT,  and  is  smaller  at  the  smaller  AT.  This  enables 
the  printing  to  be  performed  using  the  maximum  number 
of  usable  nozzles  at  each  AT.  It  is  therefore  possible  to 
prevent  too  long  interrupt  of  the  printing  which  has  been 
caused  by  the  conventional  split  printing  process  not 
taking  the  environment  temperature  into  consideration, 
and  to  achieve  stable  printing  under  various  environ- 
ments  while  avoiding  reduction  in  printing  speed  as  far 
as  practicable. 

In  addition,  this  embodiment  wherein  the  maximum 
number  of  usable  nozzles  is  determined  depending  on 
AT  is  also  applicable  to  the  multi-pass  printing  explained 
above  in  connection  with  the  third  embodiment. 

(Fifth  Embodiment) 

A  fifth  embodiment  will  be  described  below  with  ref- 
erence  to  a  control  block  diagram  of  Fig.  1  3.  In  Fig.  1  3, 

5  steps  of  detecting  the  head  temperature  and  detecting 
the  environment  temperature  are  the  same  as  those  in 
the  above  embodiments  and  hence  are  not  described 
here.  In  this  fifth  embodiment,  in  parallel  to  detection  of 
the  head  temperature  and  the  environment  tempera- 

10  ture,  a  printing  duty  D  (=  actual  printing  dots  number  / 
total  data  number  in  the  printing  area)  of  the  next  scan 
is  detected  from  print  data  for  the  next  scan  that  is  de- 
veloped  on  a  print  buffer  of  the  printing  controller  9.  If 
the  head  temperature  rises  to  meet  Th  >  TO,  then  the 

is  printing  duty  D  of  the  next  scan  is  compared  with  a  print- 
ing  duty  threshold  Dth  by  referring  to  a  conversion  table 
of  the  environment  temperature  Tr  versus  the  printing 
duty  threshold  Dth  as  shown  in  Fig.  14.  If  the  printing 
duty  D  is  larger  than  a  threshold  Dn  defined  correspond- 

20  ing  to  an  environment  temperature  Tm  at  that  time,  then 
the  printing  mode  is  changed  to  split  printing  so  that  the 
printing  duty  is  held  below  Dn.  The  term  "split  printing" 
used  herein  means  a  method  restricting  the  number  of 
used  nozzles  to  reduce  the  printing  duty  as  with  the 

25  above  third  embodiment,  or  a  method  of  completing  an 
image  by  scanning  the  carriage  several  times  over  the 
same  printing  area  while  using  all  the  nozzles,  thereby 
reducing  the  actual  printing  duty  per  scan  (irrespective 
of  whether  recording  paper  is  fed  or  not  until  the  image 

30  of  the  printing  area  is  completed). 
The  printing  process  executed  in  this  embodiment 

will  now  be  explained  in  more  detail.  In  the  above  third 
embodiment,  the  number  of  used  nozzles  is  restricted 
without  depending  on  the  amount  of  print  data  to  be 

35  printed  by  the  next  scan.  This  process,  however,  may 
overly  restrict  the  printing  duty  (the  number  of  used  noz- 
zles)  even  in  the  case  where  the  printing  duty  is  low,  i. 
e.,  the  amount  of  print  data  is  small,  and  the  head  tem- 
perature  does  not  so  rise  in  fact.  This  embodiment  uses 

40  a  conversion  table  in  which  the  printing  duty  threshold 
Dth  is  defined  with  respect  to  the  environment  temper- 
ature  Tr  in  the  relationships  of  Tr1  <  Tr2  <  ...  <  Tm  <  ... 
and  D1  >  D2  >  ...  >  Dn  >  as  shown  in  Fig.  14.  Here, 
Dn  is  set  as  a  printing  duty  threshold  corresponding  to 

45  the  amount  of  temperature  rise  allowed  to  perform  the 
printing  at  the  environment  temperature  Tr.  The  printing 
duty  D  is  compared  with  Dn  and  the  split  print  is  set 
based  on  a  result  of  the  comparison  so  that  the  printing 
duty  in  actual  scan  is  always  kept  not  larger  than  Dn, 

so  but  not  much  smaller  than  Dn.  This  eliminates  reduction 
in  printing  speed  that  is  caused  in  the  second  embodi- 
ment  when  the  printing  duty  in  much  smaller  than  Dn. 
As  a  result,  the  printing  can  be  continued  at  the  stable 
and  proper  print  speed  at  all  times. 

55  While  a  manner  of  calculating  the  printing  duty  D  is 
not  explained  above  in  detail,  the  printing  duty  D  may 
be  calculated  in  the  printer  body,  or  the  host  computer 
may  be  given  a  function  of  calculating  the  printing  duty 
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D. 
Also,  the  printing  duty  D  may  be  calculated  by 

counting  the  actual  printing  dot  number  for  all  data  suc- 
cessively,  or  by  dividing  the  printing  area  into  plural 
blocks  vertically,  horizontally  or  in  both  directions,  count-  s  4. 
ing  the  actual  printing  dot  number  for  each  of  the  blocks, 
and  then  summing  up  the  counted  numbers  for  all  the 
blocks.  Additionally,  the  number  of  nozzles  used  in  the 
actual  printing  may  be  controlled  for  each  of  blocks  de- 
fined  by  dividing  the  printing  area  for  other  particular  pur-  10 
poses.  The  present  invention  is  not  essentially  affected 
by  such  a  modification  and  hence  not  limited  to  the  em- 
bodiment  explained  above. 

Further,  this  fifth  embodiment  can  also  be  practiced  5. 
in  control  based  on  AT  rather  than  only  the  environment  15 
temperature  Tr  by  using  a  table  of  AT  versus  the  printing 
duty  threshold  Dth  in  step  S135  instead  of  the  table  of 
the  environment  temperature  Tr  versus  the  printing  duty 
threshold  Dth. 

According  to  the  present  invention,  as  described  20 
hereinabove,  an  excessive  temperature  rise  of  the  ink  6. 
jet  head  is  prevented;  hence  failure  of  ink  ejection  and 
damage  of  the  head  can  be  avoided.  In  addition,  since 
a  standby  time,  extra  split  printing  and  so  on  which  have 
been  hitherto  incorporated  in  the  control  process  more  25 
than  required  are  eliminated,  the  efficiency  of  recording 
is  improved  and  higher-speed  recording  can  be  7. 
achieved  as  a  whole. 

Claims 

1  .  A  control  method  for  an  ink  jet  recording  apparatus 
with  which  an  amount  of  heat  generated  by  an  ink  8. 
jet  head  is  restricted  when  a  condition  of  a  head  35 
temperature  being  not  lower  than  a  predetermined 
threshold  is  found  by  the  use  of  means  for  detecting 
the  head  temperature  and  an  environment  temper- 
ature  around  said  head,  wherein: 

40 
an  extent  of  restricting  the  amount  of  heat  gen-  9. 
erated  by  said  head  is  changed  depending  on 
the  environment  temperature  or  a  difference 
between  the  head  temperature  and  the  envi- 
ronment  temperature.  45 

2.  A  control  method  for  an  ink  jet  recording  apparatus 
according  to  Claim  1  ,  wherein  the  extent  of  said  re-  10, 
striction  is  changed  by  varying  an  extent-of-restric- 
tion  determining  parameter  depending  on  the  envi-  so 
ronment  temperature  or  the  difference  between  the 
head  temperature  and  the  environment  tempera- 
ture. 

3.  A  control  method  for  an  ink  jet  recording  apparatus  55 
according  to  Claim  2,  wherein  said  extent-of-restric- 
tion  determining  parameter  is  selected  from  a  table 
in  which  the  extent  of  said  restriction  is  defined  with 

respect  to  the  environment  temperature  or  the  dif- 
ference  between  the  head  temperature  and  the  en- 
vironment  temperature. 

A  control  method  for  an  ink  jet  recording  apparatus 
according  to  Claim  1  ,  wherein  the  amount  of  heat 
generated  by  said  head  is  restricted  by  at  least  one 
of  interrupt  of  printing  for  a  predetermined  time, 
thinned-out  printing,  restriction  of  the  maximum 
number  of  usable  nozzles  in  said  head,  and  inter- 
rupt  of  printing  until  the  head  temperature  is  lowered 
down  below  a  predetermined  temperature. 

A  control  method  for  an  ink  jet  recording  apparatus 
according  to  Claim  2,  wherein  said  extent-of-restric- 
tion  determining  parameter  is  an  interrupt  time  dur- 
ing  which  printing  is  interrupted  for  a  predetermined 
time  to  restrict  the  amount  of  heat  generated  by  said 
head. 

A  control  method  for  an  ink  jet  recording  apparatus 
according  to  Claim  2,  wherein  said  extent-of-restric- 
tion  determining  parameter  is  a  thinning-out  rate  at 
which  thinned-out  printing  is  performed  to  restrict 
the  amount  of  heat  generated  by  said  head. 

A  control  method  for  an  ink  jet  recording  apparatus 
according  to  Claim  2,  wherein  said  extent-of-restric- 
tion  determining  parameter  is  the  maximum  number 
of  usable  nozzles  to  which  the  number  of  used  noz- 
zles  in  said  head  is  limited  to  restrict  the  amount  of 
heat  generated  by  said  head. 

A  control  method  for  an  ink  jet  recording  apparatus 
according  to  Claim  2,  wherein  said  extent-of-restric- 
tion  determining  parameter  is  a  predetermined  tem- 
perature  below  which  the  head  temperature  is  low- 
ered  down  by  interrupting  printing  to  restrict  the 
amount  of  heat  generated  by  said  head. 

A  control  method  for  an  ink  jet  recording  apparatus 
according  to  Claim  1,  wherein  the  heat  generated 
by  said  head  produces  a  bubble  in  ink  based  on  a 
film  boiling  phenomenon,  and  an  ink  droplet  is  eject- 
ed  from  an  ejection  port  under  pressure  developed 
upon  said  bubble  being  produced. 

.  An  ink  jet  recording  apparatus  comprising: 

means  for  detecting  a  temperature  of  an  ink  jet 
head, 

means  for  detecting  an  environment  tempera- 
ture  around  said  head, 

means  for  restricting  an  amount  of  heat  gener- 
ated  by  said  head  when  a  condition  of  the  head 
temperature  being  not  lower  than  a  predeter- 

9 



17 EP0  876  917  A2 18 

mined  threshold  is  found,  and 

control  means  for  changing  an  extent  of  restrict- 
ing  the  amount  of  heat  generated  by  said  head 
depending  on  the  environment  temperature  or 
a  difference  between  the  head  temperature  and 
the  environment  temperature. 

11.  An  ink  jet  recording  apparatus  according  to  Claim 
1  0,  wherein  said  control  means  changes  the  extent 
of  said  restriction  by  varying  an  extent-of-restriction 
determining  parameter  depending  on  the  environ- 
ment  temperature  or  the  difference  between  the 
head  temperature  and  the  environment  tempera- 
ture. 

12.  An  ink  jet  recording  apparatus  according  to  Claim 
11  ,  wherein  said  control  means  includes  a  table  in 
which  the  extent  of  said  restriction  is  defined  with 
respect  to  the  environment  temperature  or  the  dif- 
ference  between  the  head  temperature  and  the  en- 
vironment  temperature. 

13.  An  ink  jet  recording  apparatus  according  to  Claim 
10,  wherein  the  amount  of  heat  generated  by  said 
head  is  restricted  by  at  least  one  of  interrupt  of  print- 
ing  for  a  predetermined  time,  thinned-out  printing, 
restriction  of  the  maximum  number  of  usable  noz- 
zles  in  said  head,  and  interrupt  of  printing  until  the 
head  temperature  is  lowered  down  below  a  prede- 
termined  temperature. 

14.  An  ink  jet  recording  apparatus  according  to  Claim 
11,  wherein  said  extent-of-restriction  determining 
parameter  is  an  interrupt  time  during  which  printing 
is  interrupted  for  a  predetermined  time  to  restrict  the 
amount  of  heat  generated  by  said  head. 

15.  An  ink  jet  recording  apparatus  according  to  Claim 
11,  wherein  said  extent-of-restriction  determining 
parameter  is  a  thinning-out  rate  at  which  thinned- 
out  printing  is  performed  to  restrict  the  amount  of 
heat  generated  by  said  head. 

16.  An  ink  jet  recording  apparatus  according  to  Claim 
11,  wherein  said  extent-of-restriction  determining 
parameter  is  the  maximum  number  of  usable  noz- 
zles  to  which  the  number  of  used  nozzles  in  said 
head  is  limited  to  restrict  the  amount  of  heat  gener- 
ated  by  said  head. 

17.  An  ink  jet  recording  apparatus  according  to  Claim 
11,  wherein  said  extent-of-restriction  determining 
parameter  is  a  predetermined  temperature  below 
which  the  head  temperature  is  lowered  down  by  in- 
terrupting  printing  to  restrict  the  amount  of  heat  gen- 
erated  by  said  head. 

18.  An  ink  jet  recording  apparatus  according  to  Claim 
11,  wherein  the  heat  generated  by  said  head  pro- 
duces  a  bubble  in  ink  based  on  a  film  boiling  phe- 
nomenon,  and  an  ink  droplet  is  ejected  from  an 

5  ejection  port  under  pressure  developed  upon  said 
bubble  being  produced. 

19.  An  ink  jet  recording  apparatus  or  method  for  record- 
ing  on  a  recording  medium  by  discharging  liquid 

10  from  at  least  one  recording  head,  or  a  control  meth- 
od  or  control  apparatus  for  controlling  such  a  re- 
cording  head,  wherein  the  amount  of  heat  generat- 
ed  by  the  recording  head  (which  may  use  thermal 
energy  for  discharging  liquid)  is  controlled  in  ac- 

15  cordance  with  at  least  one  of  the  ambient  tempera- 
ture  and  the  difference  between  the  ambient  tem- 
perature  and  a  recording  head  temperature. 

20.  An  ink  jet  recording  apparatus  or  method  or  control 
20  apparatus  or  control  method  having  the  features  re- 

cited  in  any  one  of  any  combination  of  the  preceding 
claims. 
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